High luminosity storage rings require good chromatic behavior for beams with large momentum spreads. This requires that the effects of half-integer structure resonances for off-momentum particles be minimized. We show that a lattice with antisymmetric insertions can be so designed that the driving term for the half-integer structure resonance is suppressed by cancellation of successive pairs of highbeta multiplets. Hence, even though the periodicity is half that of a lattice with symmetric insertions, the chromatic properties are similar.
Introduction
In large future proton-proton intersecting storage rings it may be economical to utilize the '2-in-i' design, wherein the two superconducting vacuum tubes and coils are embedded in a single iron yoke. Indeed this option was recently contemplated for the CBA.
In a 2-in-1 dipole the magnetic field of a coil that produces a vertical field on one beam reinforces the oppositely directed field on the other, provided that the beam lines are deployed horizontally. Similarily in 2-in-i quadrupoles the gradient coils reinforce each other provided that a horizontally focussing quadrupole on one beam is defocussing on the other. Also, this arrangement has the advantage that that it helps to decouple the closed orbit responses of the two beams to quadrupole misalignments.
However, the opposite polarity of the quadrupoles complicates the lattice design. The most important consequence is that it requires that the insertions be antisynmietric about the crossing points. As a consequence the lattice either has a strong periodicity of half the number of crossings, or strong asymmetry about the arc centers. We discuss in this paper the former possibility, though we have investigated the latter also. Another complication is that the beams must be made to cross with special dipoles close to the crossing points which makes it difficult to totally suppress the dispersion throughout the insertion.
This contrasts with the 1-in-i symmetric lattice in which adjacent quadrupoles in the two rings have the same polarity, the insertions are synmnetric, the periodic ity is nearly equal to the number of crossings, and the dispersion can be totally suppressed in the insertion.
The lowered periodicity doubles the number of half-integer structure resonances for off-momentum particles. These resonances, which are strongly driven by the quadrupoles near the crossing points, adversely affect the momentum dependences of the tunes and orbit functions and the dynamic aperture. *Work performed under the auspices of the U.S. Dept.
of Energy.
As a result of our studies of the lattice implications of a 2-in-1 version of the CBA, we have found that the adverse consequences of antisymmetric lattices can be largely overcome if one induces a pairwise cancellation in the contribution of the highf quadrupoles to the linear resonances. 
Antisymnetric Ring Structure
An illustration of the topology of an antisymmetric 2-in-I lattice system devised for the CBA is shown in Fig. 1 . There are six concentric arcs each containing nine FODO cells connected by insertions that include the crossings. Each insertion has eight quadrupoles on each side of the crossing and some dipoles. Only a few quadrupoles are shown, enough to indicate the topology imposed by the opposite polarity of the quadrupoles. A more detailed schematic is shown in Fig. 2 . Adjacent to the crossing magnets B+, B-are quadrupole triplets QO, Qi, Q2, which are represented by the large lens symbols in 
